A technique for associated anterior cruciate ligament and fibular collateral ligament reconstruction is shown, using a single hamstring tendon graft, which is prepared asymmetrically, leaving one-third of the length with a single diameter and two-thirds with a double diameter. A single femoral tunnel is created, using an interference screw for fixation and isolation of the grafts. A suspension device is used for tibial fixation, allowing for length adjustment according to the graft's length. The objective of this Technical Note is to provide the orthopaedic surgeon with a resource for anterior cruciate ligament and fibular collateral ligament reconstruction even with short grafts, saving bone stock and avoiding the need for allografts.
S
urgical reconstruction of the anterior cruciate ligament (ACL) is a popular procedure that in some cases must be associated with fibular collateral ligament (FCL) reconstruction.
Unrecognized FCL laxity is an accepted cause of ACL reconstruction failure. 1, 2 In ACL reconstructed knees, sequential cutting biomechanical studies have demonstrated that injury to the FCL increases the load in an ACL graft with no further increase after the cuts to the popliteofibular ligament (PFL) and popliteus tendon (PT). 3 Careful preoperative assessment and planning of isolated ACL reconstructions may detect these cases and show an indication for the combined procedure.
Another clinical situation that requires a combination of ACL and FCL reconstruction is the surgical treatment of multiligament instability of the knee. This procedure also includes reconstruction of the posterior cruciate ligament (PCL) and posterolateral corner and medial stabilization. [4] [5] [6] This very complex procedure requires extensive use of allografts, either in addition to autografts or as the only source of grafting. 6 There are 3 primary posterolateral static stabilizers: the FCL, PFL, and PT. 7 Anatomic and biomechanical studies suggest that the FCL is the most important anatomic structure. 3, [8] [9] [10] [11] These studies have found that the FCL by itself resists varus forces as well as external rotation forces. 8, 10 Up to now, the combined reconstruction of the ACL and FCL requires at least 2 tunnels in the lateral femoral condyle and 2 grafts, 12 with greater donor site morbidity and greater need to use allografts compared with isolated ACL reconstruction. More advanced reconstructions go up to 3 tunnels in complete posterolateral corner with PT reconstruction 6, 13 and even 4 if the surgeon decides to do a double-bundle ACL reconstruction.
A surgical technique for the combined anatomic reconstruction of the ACL and FCL with a hamstring autograft that uses only 1 femoral tunnel and only 1 grafting is presented, reducing donor site morbidity, surgical time, complexity of surgical technique, and operating room setup requirements (Fig 1) . Because this technique uses routine ACL reconstruction instrumentation, it also allows us to address intraoperative findings of lateral instability of the knee that were previously unrecognized.
Surgical Technique Patient Positioning
The patient is given a regional or general anesthetic and positioned supine. An ischemia cuff is used, and the limb is supported by a leg holder with the knee placed in 90 of flexion.
Arthroscopic Exploration
A central transtendinous portal is generally used by the authors for cruciate ligament reconstruction ( Table 1) . The ACL damage is identified, and any associated injuries are treated with the aid of an anteromedial portal (if necessary, an additional anterolateral portal can be used). The increase of the lateral tibiofemoral gap is checked applying varus stress (Video 1); it is also important to address the integrity of the PT (Fig 2) . Meanwhile, ACL remnants are removed, and the medial wall of the lateral femoral condyle is prepared using a radiofrequency probe and a resector.
Graft Harvesting and Preparation
A 3-cm oblique skin incision is made anteromedially to the anterior tibial tuberosity to harvest the semitendinosus and gracilis tendons and to create the tibial tunnels. The tendons are harvested with a standard tendon stripper. Both tendons are prepared on an auxiliary table. The ends of the graft are prepared separately with traction threads; this allows the surgeon The technique on a right knee. A suspension device attached to its G-Lok XL expansion device is used for tibial fixation, and an interference screw is employed for the femoral one. The remnant of the graft is used for the fibular collateral ligament reconstruction, which is fixed to the fibular head with a smaller interference screw. Craniocaudal direction from the lateral cortex of the femur. Transtendinous portal used for vision, anteromedial for graft passage. Traction threads are recovered through the tibial tunnel, and the graft is pulled until the suspension device comes out of the tibial tunnel. The expansion piece is fixed to the suspension device, and the traction threads of the graft are pulled until the construct is attached to the anterior cortex of the tibia. Femoral fixation with a bioabsorbable screw 1 mm wider than the graft and the tunnel. FCL A 2-cm incision posterior to the fibular head is performed to protect the peroneal nerve. Anatomic location of FCL fibular insertion is approached through a 1-cm incision. A guide pin is inserted in that spot, in the anterior-posterior direction, and a tunnel is created with a drill bit of the same diameter as the single end of the graft. The single diameter remnant of the graft is passed percutaneously under the fascia lata to the distal approach performed for FCL fibular insertion. The graft is inserted through the tunnel and is fixed with a bioabsorbable screw 1 mm wider than the graft and the tunnel.
FCL, fibular collateral ligament. e798 to pass the graft asymmetrically through a suspension device (G-Lok; Stryker, Kalamazoo, MI) attached to its expansion piece (G-Lok XL), resulting in 2 arms: a shorter one, for femoral ACL grafting, and a longer one, which will be further used for lateral collateral ligament reconstruction (Fig 3) . The length chosen for the loop of the suspension device is variable, according to the length of the tunnel and the graft (10-15 mm is the length most commonly used, but longer lengths may be needed in case of a shorter graft or a longer tunnel). An additional device of greater length is attached to the standard one to facilitate cortical fixation once the whole length of the tunnel has been created with a diameter identical to that of the graft.
Tunnel Creation
Tunnels for the ACL Graft Both the femoral and tibial tunnels are created with the aid of an ACL tibial guide (Stryker). This must be adjustable to at least 80 to ensure the correct positioning of the femoral tunnel. Starting with the femoral tunnel, the arthroscope is inserted through the anteromedial portal, and the guide is set at the widest possible angle (the authors usually place the femoral tunnel at 80 ) through the central transtendinous portal. If it is possible to identify the bony anatomic landmarks, namely the bifurcate and intercondylar ridges, the said reference points are used to determine and mark the center of the ACL footprint; if not, the center of the tunnel is established approximately halfway along a vertical line drawn parallel to the posterior margin of the lateral femoral condyle and at a distance from the posterior margin of the femoral condyle, from deep to shallow, equal to the radius of the femoral tunnel plus 2.5 mm (e.g., 7 mm for a tunnel 9 mm in diameter). A 1.5-cm incision is made in the lateral femoral epicondyle, and a guide needle is introduced with the aid of the ACL reconstruction guide, entering the joint at the predetermined site. Special attention should be paid to the extra-articular end of the guide pin for the femoral tunnel, which must be located just proximal and posterior to the lateral epicondyle, on the anatomic femoral insertion of the FCL (Table 2) , according to anatomic studies. [14] [15] [16] The tibial tunnel is created by returning the arthroscope to the central portal and introducing the same guide through the anteromedial one, at an angle of 55 . First, a needle is inserted using the guide and positioned at the center of the footprint of the native ACL. Both tunnels are then completed with the aid of a drill bit with a diameter identical to that of the graft.
Tunnels for the FCL Graft
The same femoral tunnel created for the ACL graft is employed. A 2-cm incision is made on the posterior aspect of the fibular head. Dissection is carefully performed with the aid of a periosteotome, which is left in place to protect the peroneal nerve when creating the fibular tunnel ( Table 3) .
After that, a 1-cm incision is made on the anterolateral aspect of the fibular head, over the native insertion of the FCL. A 2.4-cm guide pin is inserted in this spot, in the anteroposterior, craniocaudal, and lateromedial direction, taking special care to protect the peroneal nerve from the pin's tip with the periosteotome. A tunnel of the same diameter of the graft (which has been measured previously) is made over the guide pin with a cannulated drill bit (Fig 4) . Once created, a looped suture is left in place to be used as a shuttle afterward (Fig 5) .
Graft Pass and Fixation
The graft is introduced from the cranial to caudal direction. The traction threads of the suspension device are inserted into the joint through the ACL femoral tunnel, and they are taken out of the joint through the tibial tunnel; the graft is pulled until it passes through both tunnels.
Once the suspension device has come out of the tibial tunnel, it is fixed to its expansion piece (Fig 6) and is attached to the anterior cortex of the tibia by pulling the traction threads of the graft in the caudocranial direction, which is set in an asymmetrical manner. The short arm (approximately 9 cm long) is used together with the middle part of the long arm for the femoral grafting of the ACL. The longer arm (approximately of double length) will serve as the FCL graft (Fig 7) . Tibial fixation is achieved with the suspension device and its expansion piece (G-Lok and G-Lok XL; Fig 8) .
Gentle traction of both traction threads is performed until both ends of the graft come out of the femoral cortex. An interference screw (Biosteon; Stryker) of a diameter 1 mm wider than the graft is introduced in an outside-in direction while keeping traction from both ends of the graft, achieving ACL reconstruction (Fig 9) . The main advantage of this technique is that a single tunnel is created and a single device is used for femoral fixation, avoiding the risk of confluence. Anatomic position of both ligaments can be easily achieved because they are performed independently using their original footprints. The loop's length can be adapted to the length of the graft and tunnel, allowing associated anterior cruciate ligament and fibular collateral ligament reconstruction with a single graft by increasing the length of the loop.
The tibial fixation device of the anterior cruciate ligament graft must be combined with another expansion device of additional length. Tunnels are performed in the outside-in direction, so 4 incisions (1 femoral, 1 tibial, and 2 fibular) are needed. In cases with too short length or breakage of hamstring tendon, an additional graft may be needed. Table 3 . Tips, Pearls, and Pitfalls
Tips and Pearls Pitfalls
Although not essential, the authors recommend that the central portal should be used to ensure a clear view of the intercondylar notch.
Once the graft is in place, one should check that the suspension device for tibial fixation is properly supported by the tibial cortex. Care must be taken to identify the femoral insertion of the fibular collateral ligament (just proximal and posterior to the lateral epicondyle).
Special care must be taken to protect the peroneal nerve, because its injury can be devastating. During its passage through the tunnels, the graft may become snagged. To avoid this, the graft should be passed symmetrically, and once passed, one of the ends should be pulled until the other end is at the level of the femoral cortex to provide the longest length to the fibular collateral ligament arm. In addition, one should check that the graft can be passed with ease through the diameter calibrator. If this is not possible, the authors recommend enlarging the tunnel's diameter by passing the drill bit through the tunnel 1 or 2 more times or by using a drill bit 0.5 mm wider than the graft. e800
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The traction threads are passed percutaneously under the fascia lata, to the anterolateral incision over the fibular head (Fig 10) , and they are taken out through this incision. After that, the traction thread of the graft is inserted through the looped shuttle previously set through the fibular head (Fig 11) , and it is pulled until the graft passes through the tunnel. Finally, the graft is fixed with an interference screw (Biosteon) of a diameter 1 mm wider than the tunnel, at 30 of knee flexion (Fig 12) . Lateral aspect of the right knee. The long singlediameter end that will serve as the fibular collateral ligament graft is exposed over the skin before being passed under the fascia lata. The black arrow shows the anterolateral incision over the fibular head to create the fibular tunnel, the green arrow shows the extra-articular end of the femoral tunnel, and the blue arrow shows the fibular collateral ligament graft. (FH, fibular head.)
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Discussion
This surgical technique uses a single tunnel in the lateral femoral condyle in an outside-in fashion. The outside-in technique offers the invaluable advantage of choosing both the entry and end point of the tunnel, and so this tunnel goes from the anatomic femoral insertion of the FCL [14] [15] [16] to the anatomic femoral insertion of the ACL. [17] [18] [19] Therefore, this tunnel requires only 1 graft to satisfy the anatomic requirements of both the ACL and FCL. In addition to this essential feature, the outside-in tunnel offers other advantages: it can be created with the knee in the same position during the entire procedure, avoiding the need for the hyperflexion required when the inside-out technique is used through the anteromedial portal. 20, 21 According to Seo et al., 22 the outside-in technique is valuable because it provides adequate rotational stability.
This technique uses only regular hamstring tendon grafting, including semitendinosus and gracilis tendons. To have a 4-strand construct for the ACL and a 2-strand construct (semitendinosus and gracilis) for the FCL, we folded the 2 tendons at a point located one-third of its entire length instead of half the length. According to Hamner et al., 23 the 4 strands have a strength of 4,090 N and a stiffness of 776 N/mm, and the 2 strands are estimated to have a strength of 1,897 N. Laprade et al. 24 studied the biomechanical properties of posterolateral structures in 8 cadaver knees and concluded that the ultimate tensile load of the FCL averaged 295 AE 96 N. Therefore, our construct is 6 times stronger than native FCL, and there does not seem to be a reason to worry about mechanical failure. Another advantage of this technique is that only 1 femoral tunnel is employed for both ACL and FCL graft fixation, avoiding the risk of tunnel confluence (especially important in multiligament injuries and revision surgery), as previously stated by Angelini et al. 25 This technique is proposed by the authors for 2 definite clinical situations. The first one is the association of anterior and lateral instability, which is a recognized cause of ACL reconstruction failure if the lateral stability is not restored. 1, 2, [26] [27] [28] [29] In a multicenter study including 293 ACL revisions, unrecognized/untreated peripheral laxity was found in up to 3% of cases. 1 In the Danish Registry for Knee Ligament Reconstructions, "other" ligament laxity also accounted for 3% of 1,099 ACL revisions. 29 LaPrade et al. 3 studied the forces in the ACL graft after sequential sectioning of FCL, PFL, and PT in 8 cadaver knees. They found that forces in the ACL graft increased significantly after sectioning the FCL with no further increase after the other cuts, whereas knee motion in the varus increased progressively after each separated cut. They concluded that grade III posterolateral instability may lead to ACL graft failure.
The second scenario that we propose for this technique is the surgical treatment of multiligament instability of the knee and knee dislocations. The incidence of posterolateral corner injuries in multiligament knee instability is very high. In a series by Richter et al. 30 of 89 knee dislocations, the incidence of FCL injury is as high as 59%; the FCL was injured in 38% of cases and both the medial collateral ligament and FCL in 21% of cases (n ¼ 19). The surgical treatment of these injuries requires extensive use of allografts, either in addition to autografts or as the only source of grafting. 6 The series of Stannard et al., 31 LaPrade et al., 13 and Levy et al. 32 used allografts in 100% of cases. In a retrospective study of knee dislocations by Cook et al., 4 80% of allografts were used for FCL reconstruction. The reason for using allografts in the multiligament surgery setting is twofold: the limited availability of autogenous grafts to fulfill the requirement for 3 or 4 grafts and the need to save time in these complex procedures. Our technique permits us to address both ACL and FCL injuries with hamstring autografts, the harvest of which is a familiar and quick procedure for most knee surgeons. In addition to the biologic advantages of autografts, the time spent in harvesting hamstrings is compensated for by the time that is not spent in the second femoral tunnel for the FCL.
In conclusion, the technique described in this note meets the requirements to address associated anterior and lateral instabilities, avoiding the need for additional grafts and multiple femoral tunnels. An interference screw 1 mm wider than the diameter of the tunnel. The graft is placed for fibular fixation of the fibular collateral ligament. The arrow shows the remaining graft after being passed through the fibular tunnel; the arrowhead shows that the traction thread of the short arm of the graft, which served to double the diameter of the anterior cruciate ligament graft, has not been removed yet. (E, epicondyle; FH, fibular head.) Fig 11. The fibular collateral ligament (FCL) graft's traction thread is passed through the looped lace, which had been previously set through the fibular head. The black arrow shows the FCL graft; the white arrow shows the looped lace to pass the FCL graft through the fibular tunnel; and the arrowhead shows that the traction thread of the short arm of the graft, which served to double the diameter of the anterior cruciate ligament graft, has not been removed yet. (E, epicondyle; FH, fibular head.)
